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Categorical Versus Dimensional Approaches to Autism-Associated Intermediate Phenotypes in 22q11.2 Microdeletion Syndrome
Supplemental Information
Supplemental Methods
Consensus Diagnosis of ASD
Diagnoses of autism spectrum disorder (ASD) were determined using the Autism Diagnostic Observation Schedule (ADOS (1); administered to the child), and the Autism Diagnostic Interview-Revised (ADI-R (2); administered to the subject's parent/primary caretaker) at the UCLA Autism Phenotyping Core. Raw scores from the "Social Affect"
and "Restricted and Repetitive Behaviors" domains were summed. We then used the scoring algorithm created by Gotham et al. (3) to create an ADOS severity score (range 1-10) from the raw score. Participants were classified as having an ASD, based on the ADOS, if a severity score was above 6. Participants were classified as having ASD, based on the ADI-R, if scores were above threshold for the Reciprocal Social Interaction domain (score of 10), as well as either communication impairment (score of 8) or repetitive behaviors and stereotyped patterns (score of 3). Combined scores from the ADOS and ADI-R were used by expert clinicians at the Autism Phenotyping Core to determine a consensus diagnosis of ASD, as previously described in (4) . Eight of the older 22q11DS participants were over 18 years old, and therefore, not administered the ADI-R/ADOS; instead, these subjects and their parents/primary caretakers were administered a SCID interview (5) , with an additional developmental disorders module (6) , as applied in (7) to determine ASD diagnostic status according to DSM-IV diagnostic criteria (8) .
Dimensional ASD Measures
Dimensional ADI-R Measures
The ADI-R questions fall into three different domains than can be split into three subscores: an ADI-R social interaction score, ADI-R communication language score, and ADI-R repetitive behavior score. For the purposes of our study, we used this information both categorically (to make an ASD diagnosis) and also examined scores from each domain as continuous variables, with higher scores indicating greater severity in all domains.
Dimensional ADOS Measure
The ADOS summary score is a sum of two different domains, Social Interaction and Communication. During the ADOS, the interviewer engages the participant in a series of standardized, interactive behaviors, which are observed and coded (0= no concern with behavior, 1= mild concern with behavior, 2= concern with behavior). For this study, we used the ADOS severity score as a continuous variable, with higher scores indicating greater severity.
Social Responsiveness Scale
The SRS is a parent-report measure of their child's ability to process social information and respond appropriately in interpersonal interactions (9; 10) . Items representing all 3-criterion domains for autism (i.e., deficits in reciprocal communication, social deficits, and restricted/stereotypic behaviors or interests) are included. For this study, we used the raw total score, with a higher score indicating greater impairment in reciprocal social behavior.
Repetitive Behavior Scale-Revised
The Repetitive Behavior Scale-Revised (RBS-R) is a 44-item questionnaire that was created to examine a variety of repetitive behaviors in individuals with an ASD diagnosis (11) . The RBS-R includes six subscales: Stereotyped Behavior, Self-injurious Behavior,
Compulsive Behavior, Routine Behavior, Sameness Behavior, and Restricted Behavior.
The parent/caregiver is asked to respond to questions about specific behaviors and rate how severe of a problem the behavior is on a 4-point Likert Scale (0=behavior does not occur, 1=behavior occurs and is a mild problem, 2=behavior occurs and is a moderate problem, 3-behavior occurs and is a severe problem). The total raw RBS scale, the sum of all six subscales, was used as the dimensional measure of ASD symptomatology in the current study. A higher RBS-R total score indicates greater severity and impairment of repetitive behaviors.
Short Sensory Profile
The Short Sensory Profile (SSP, (12) ) is a 38-item questionnaire filled out by the participant's caregiver. The SSP asks the caregiver to provide responses about how the child's sensory processing is affected by particular daily activities. Items are scores on a 5-point Likert Scale (always=1, frequently=2, occasionally=3, seldom=4, never=5).
There are seven subscales: Tactile Sensitivity, Taste/Smell Sensitivity, Movement
Sensitivity, Under-responsive/Seeks Sensation, Auditory Filtering, Low Energy/Weak, and Visual/Auditory Sensitivity. The total SSP score is the sum of all seven subscales was used; a lower score indicates that there are higher levels of sensory dysfunction.
Scores on this measure have previously differentiated youth with ASD from typically developing youth (13) .
MRI Acquisition
Fifty percent of the participants (22q11DS=27, Controls=32) were included in a previous structural MRI publication (14) did not pass the quality assurance protocol and were omitted from any further analyses.
sMRI Image Processing
In short, the following steps were taken in the FreeSurfer processing stream: motion correction, transformation of images to standard Talairach space, intensity normalization, removal of non-brain tissue, segmentation of white matter and subcortical structures, and final segmentation of cortical surfaces. Final segmentation is based on both a subject-independent probabilistic atlas and subject-specific measured values.
Raters (MJ, AP, RJ) blind to diagnosis visually inspected the scans at several points along the processing pipeline and any errors were manually edited (details in (14)).
Using an automated computer algorithm, CT estimates were derived by taking the distance between the gray/white matter border and the pial surface at each vertex (15) . 
Statistical Analyses
Cognition and Neuroanatomy in 22q11DS-ASD+ vs. 22q11DS-ASD-
To test for group differences in neurocognitive performance, we conducted separate univariate ANCOVAs, with each neurocognitive measure as a dependent variable, group (22q11DS-ASD+ vs. 22q11DS-ASD-vs. control) as the between-subject factor, and age and gender as covariates.
Similar procedures were followed for neuroanatomic comparisons, with brain structure as the dependent variable, group (22q11DS-ASD+ vs. 22q11DS-ASD-vs.
control) as the between-subject factor, and age, gender, and scanner location as covariates. Total intracranial volume (ICV; mm 3 ) was an additional covariate for volumetric measures, whereas analyses of SA included ICV in mm 2 as a covariate.
False discovery rate (FDR) was implemented to correct for multiple comparisons (cognitive measures: 21, brain structures: 156). Any measure/region that remained statistically significant (q<.05) after correcting for multiple comparisons was followed up with pairwise comparisons between groups. For any significant differences between 22q11DS-ASD+ and 22q11DS-ASD-partial eta squared (η p 2 ) was calculated as a measure of effect size (small=.01, medium=.06, large=.14, (17)).
To address whether the relationship between age and neuroanatomic measures differed between 22q11DS-ASD+ and 22q11-ASD-, we examined any neuroanatomic region identified as statistically significant in the above analyses and conducted an ANCOVA within the 22q11DS sample, including an interaction term between ASD diagnosis and age, along with the same covariates described above.
Secondary analyses of psychotic symptoms
Finally, to ensure that psychotic symptoms were not driving any of our findings, we 1)
removed all 22q11DS individuals with a psychotic disorder diagnosis (n=4) and re-ran all analyses; 2) removed all participants that had a SIPS positive symptom score above 2 and re-ran all analyses, 3) correlated the total SIPS positive symptom score with any measure that significantly differed between 22q11DS-ASD+ and 22q11DS-ASD-, and 4) correlated the total SIPS positive symptom score with ADOS and ADI-R scores.
Results of secondary analyses of psychotic symptoms
The majority of the results remained when we removed all participants with a SIPS positive symptom score above 2, although effects between 22q11Ds-ASD+ and 22q11DS-ASD-were attenuated for right amygdala volume, processing speed performance, and visuospatial memory performance (Supplementary Table S6B ).
Finally, no measures that statistically differed between 22q11DS-ASD+ and 22q11DS-ASD-were correlated with SIPS total positive symptoms (Supplementary Table S7A) , and there were not any significant relationships between SIPS total positive symptom scores and ADOS or ADI-R scores (Supplementary Table S7B ).
Description of Quality Assurance and Manual Editing Carried Out in FreeSurfer
Manual edits were carried out as follows below, as previously reported in (14) . If any of these steps failed to produce an image in which the white matter and pial boundaries
were not correctly identified, the scan was omitted from all analyses.
1. Recon-all was run on each subject.
2. For each subject, the orig.mgz file was examined in tkmedit for ringing, increased signal-to-noise ratio, or inhomogeneity. The scan was also examined to ensure that full coverage was acquired during the scan.
3. Each scan was manually examined to make sure that intensity normalization and the Talaraich transformation were performed successfully.
4. If necessary, pial edits were then made in brainmask.mgz for each scan in tkmedit. Areas of focus included: removal of dura matter, cerebellum, tentorium cerebelli, and/or optic nerve. If these areas were misclassified as gray matter, then pial edits were made to remove these areas from the gray matter classification.
5. If necessary, white matter and control point edits were conducted in tkmedit.
White matter and control points were used if white matter regions were not appropriately specified as white matter.
6. The scan was re-submitted through the appropriate point in recon-all (i.e., reconall autorecon2-cp -autorecon3).
7. Final quality assurance was then conducted on the scan in Freeview. The inflated and pial views were examined for any errors. Cortical parcellations were also viewed to ensure accuracy. Table S3 . There were no significant between-scanner differences in subcortical regions. Table S4 . There were no significant between-scanner differences in cortical thickness (CT) and surface area (SA) in cortical regions. 
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